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(54) IMAGE DISPLAY UNIT 

(57) Each embodiment relates to an image display 
device which comprises an image display panel, in 
which two or more groups of particles having different 
colors and different charge characteristics are sealed 
between two substrates, at least one of two substrates 
being transparent, and, in which the particles, to which 
an electrostatic field produced by a pair of electrodes 
provided on one or both substrates is applied, are made 
to fly and move so as to display an image. Among them, 
in the first aspect of the invention, an image forming 
process for forming the image by applying an electric 
field pattern between the electrodes, the electric field 
pattern serving to fly particles A to the substrate at an 
image display side; and an image forming process for 
forming the image by applying an inversion (negative) 
electric field pattern with respect to the electric field pat- 
tern, the inversion electric field pattern serving to fly par- 
ticles B having different colors and different charge char- 
acteristics with respect to those of the particles A to the 



substrate at an image display side; so that an image de- 
leting process priorto forming the image to be displayed 
is eliminated. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an image dis- s 
play device comprising an image display pane! enables 
to repeatedly display or eliminate images accompanied 
by flight and movement of particles utilizing Coulomb's 
force and so on. 

10 

BACKGROUND ART 

[0002] As an image display device substitutable for 
liquid crystal display (LCD), image display devices with 
the use of technology such as an electrophoresis meth- is 
od, an electro-chromic method, a thermal method, dich- 
roic-particles-rotary method are proposed. 
[0003] As f orthese image display device, it is conceiv- 
able as inexpensive visual display device of the next 
generation from a merit having wide field of vision close 20 
to normal printed matter, having smaller consumption 
with LCD, spreading out to a display for portable device, 
and an electronic paper is expected. Recently, electro- 
phoresis method is proposed that microencapsulate dis- 
persion liquid made up with dispersion particles and col- 25 
oration solution and dispose the liquid between faced 
substrates. [The Imaging Society of Japan "Japan Hard- 
copy '99" (July 21-23, 1999) Transaction Pages 
249-252] 

[0004] However, in the electrophoresis method, there 30 
is a problem that a response speed is slow by the reason 
of viscosity resistance because the particles migrate 
among the electrophoresis solution. Further, there is a 
problem of lacking imaging repetition stability, because 
particles with high specific gravity of titanium oxide is 35 
scattered within solution of low specific gravity, it is easy 
to subside, difficult to maintain a stability of dispersion 
state. Even in the case of microencapsulating, cell size 
is diminished to a microcapsule level in order to make it 
hard to appear, however, an essential problem was not 40 
overcome at all. 

[0005] Besides the electrophoresis method using be- 
havior in the solution, recently, a method wherein elec- 
tro-conductive particles and a charge transport layer are 
installed in a part of the substrate without using solution 45 
is proposed. However, the structure becomes compli- 
cated because the charge transport layer and further a 
charge generation layer are to be arranged- In addition, 
it is difficult to constantly dissipate charges from the 
electro-conductive particles, and thus there is a draw- so 
back on the lack of stability. 

[0006] As one method for overcoming the various 
problems mentioned above, an image display device 
comprising an image display panel is known, in which 
two or more groups of particles having different colors ss 
and different charge characteristics are sealed between 
two substrates, at least one of two substrates being 
transparent, and, in which the particles, to which an 



electrostatic field produced by a pair of electrodes pro- 
vided on respective substrates is applied, are made to 
fly and move so as to display an image by means of 
Coulomb's force. 

[0007] Tasks to be solved by a first aspect of the in- 
vention are as follows. That is, the image display device 
mentioned above has a display memory property (keep- 
ing display even after power OFF). In the case of the 
image display device having such display memory prop- 
erty, it is necessary to form one image by alternately 
changing an electric field direction Ea (polarity) in which 
particles A are flown toward a display substrate and an 
eiectric field direction Eb in which particles B having dif- 
ferent colors and different charge characteristics as 
those of the particles A are flown toward the display sub- 
strate. That is, in the case that an image-1 formed by 
the particles A and the particles B is rewritten to an im- 
age-2 formed also by the particles A and the particles 
B, if the image-2 is rewritten only by Ea, only a portion 
at which the particles A are flown to the display panel 
by Ea is rewritten, and a portion which is rewritable by 
the particles B is not changed. 

[0008] Therefore, as shown in Fig. 1 5, it is thought one 
method wherein the image is formed in such a manner 
that an image deleting step is performed prior to an im- 
age forming step (the image is formed only by the par- 
ticles A or the particles B) and then the image forming 
step is performed by using the electric field direction dif- 
ferent from the electric field direction using at the image 
deleting step. However, in the case of matrix display for 
example, as shown in Fig. 16, if the image deleting step 
is performed at a front line of a frame time, a portion 
wherein the image is formed first in the frame time (line) 
and a portion wherein the image is formed last in the 
frame time (line) have a different time duration from one 
image deleting step to the next image deleting step. 
Therefore, there is a drawback such that density une- 
venness occurs in the image and a display quality is ex- 
tremely deteriorated. 

[0009] Tasks to be solved by a second aspect of the 
invention are as follows. That is, the image display de- 
vice mentioned above has a display memory property 
(keeping display even after power OFF). In the case of 
the image display device having such display memory 
property, it is necessary to form one image by alternately 
changing an electric field direction Ea (polarity) in which 
particles A are flown toward a display substrate and an 
electric field direction Eb in which particles B having dif- 
ferent colors and different charge characteristics as 
those of the particles A are flown toward the display sub- 
strate. Therefore, in the case of displaying a halftone 
image by this image display device, it is possible to ob- 
tain a halftone image by adjusting a display time ratio of 
particle A/particle B during the interval such that the par- 
ticle A/particle B is repeated by applying the electric 
fields Ea and Eb at a frequency where flickering is not 
detected by a human eye. However, the halftone image 
display according to the method mentioned above has 
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a drawback such that the image memory property can- 
not be obtained. 

[0010] Tasks to be solved by a third aspect of the in- 
vention are as follows. That is, the image display device 
mentioned above has a display memory property (keep- 
ing display even after power OFF). In the case of the 
image display device having such display memory prop- 
erty, it is necessary to form one image by alternately 
changing an electric field direction Ea (polarity) in which 
particles A are flown toward a display substrate and an 
electric field direction Eb in which particles B having dif- 
ferent colors and different charge characteristics as 
those of the particles A are flown toward the display sub- 
strate, in the image display device mentioned above, the 
halftone image display is performed by displaying re- 
peatedly the particle A / particle B at a frequency where 
flickering is not detected by a human eye and changing 
a ratio thereof. However, the halftone image display ac- 
cording to the method mentioned above has a drawback 
such that the image memory property cannot be ob- 
tained. 

[0011] Tasks to be solved by a fourth aspect of the 
invention are as follows. That is, the image display de- 
vice mentioned above has a display memory property 
(keeping display even after power OFF). In the case of 
the image display device having such display memory 
property, it is necessary to form one image by alternately 
changing an electric field direction Ea (polarity) in which 
particles A are flown toward a display substrate and an 
electric field direction Eb in which particles B having dif- 
ferent colors and different charge characteristics as 
those of the particles A are flown toward the display sub- 
strate. Therefore, in the case of displaying a halftone 
image by this image display device, it is possible to ob- 
tain a halftone image by adjusting a display time ratio of 
particle A/particle B during when the particle A / particle 
B is repeated by applying the electric fields Ea/Eb. How- 
ever, the halftone image display according to the meth- 
od mentioned above has a drawback such that a driving 
circuit of image display elements becomes complicated. 
[0012] Tasks to be solved by a fifth aspect of the in- 
vention are as follows. That is, the image display device 
mentioned above is assumed to perform a binary dis- 
play from a microscopic view, but the halftone display 
due to respective pixels is accomplished by maintaining 
an intermediate state such that particle characteristics 
are intentionally deviated and a part of particles which 
are easily flown is only moved. 

[0013] However, the halftone image display according 
to the method mentioned above has a drawback such 
that an excellent reproducibility of the halftone image 
display cannot be performed since resistivity and so on 
of ITO transparent electrode is deviated, an electrode 
surface is contaminated by a particle component, and a 
threshold voltage when the particles are moved from the 
electrode surface due to a throw off force larger than an 
adhesion force. Therefore, especially in the case of per- 
forming the matrix drive that needs a precipitous thresh- 



old, the number of gray scales that can be displayed is 
limited. 

DISCLOSURE OF INVENTION 

5 

[0014] An object of the first aspect of the invention is 
to provide an image display device of dry type having 
rapid response, simple and inexpensive construction, 
and excellent stability, which can reduce density une- 
10 venness and maintain a display quality. 

[0015] According to the first aspect of the invention, 
an image display device which comprises an image dis- 
play panel, in which two or more groups of particles hav- 
ing different colors and different charge characteristics 
15 are sealed between two substrates, at least one of two 
substrates being transparent, and, in which the parti- 
cles, to which an electrostatic field produced by a pair 
of electrodes provided on one or both substrates is ap- 
plied, are made to fly and move so as to display an im- 
20 age, is characterized in that the image display device 
has an image (to be displayed) forming process com- 
prising an image forming process for forming the image 
by applying an electric field pattern between the elec- 
trodes, the electric field pattern serving to fly particles A 
25 to the substrate at an image display side; and an image^ 
forming process for forming the image by applying an 
inversion (negative) electric field pattern with respect to 
the electric field pattern, the inversion electric field pat- 
tern serving to fly particles B having different colors and 
30 different charge characteristics with respect to those of 
the particles A to the substrate at an image display side; 
so that an image deleting process prior to forming the 
image to be displayed is eliminated. 
[0016] According to the image display device of the 
35 first aspect of the invention, since a novel image display 
device is constructed by arranging image display ele- 
ments in a matrix manner, which can fly and move the 
particles by means of Coulomb's force and so on when 
an electrostatic field is directly applied to the particles, 
40 it is possible to obtain an image display device which 
can realize rapid response, simple and inexpensive con- 
struction, and excellent stability. Moreover, since the im- 
age deleting process prior to forming the image to be 
displayed is eliminated, it is possible to reduce density 
45 unevenness and maintain the display quality. 

[0017] In the image display device according to the 
first aspect of the invention, it is preferred that in a ma- 
trix display, the image is formed by switching a direction 
of the electric field to be applied sequentially during an 
so image forming process of a portion where the display is 
rewritable at once (normally one line) , and, that, in a ma- 
trix display, the image is f irstf ormed by applying an elec- 
tric field having a same direction to a plurality of portions 
where the display is rewritable at once (normally one 
55 line), and then the image of the same portion as the pre- 
vious process is formed by switching a direction of the 
electric field to be applied. 

[0018] An object of the second aspect of the invention 
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is to provide an image display device of dry type having 
a rapid response, simple and inexpensive construction, 
and excellent stability, which can utilize a display mem- 
ory property and display an excellent halftone image. 
[0019] According to the second aspect of the inven- 5 
tion, an image display device which comprises an image 
display panel, in which two or more groups of particles 
having different colors and different charge characteris- 
tics are sealed between two substrates, at least one of 
two substrates being transparent, and, in which the par- 10 
tides, to which an electrostatic field produced by a pair 
of electrodes provided on one or both substrates is ap- 
plied, are made to fly and move so as to display an im- 
age, is characterized in that, on the occasion when the 
image to be displayed is formed, a display state such 15 
that two or more groups of particles are mixed with a 
predetermined ratio is obtained by adjusting, in re- 
sponse to a display density, at least one of strength, ap- 
plying time and applying number of the electric field ap- 
plied between the electrodes. 20 
[0020] According to the image display device of the 
second aspect of the invention, since a novel image dis- 
play device is constructed by arranging image display 
elements in a matrix manner, which can fly and move 
the particles by means of Coulomb's force and so on 25 
when an electrostatic field is directly applied to the par- 
ticles, it is possible to obtain an image display device 
which can realize rapid response, simple and inexpen- 
sive construction, and excellent stability. Moreover, in 
order to display a halftone image, since a display state 30 
such that two or more groups of particles are mixed with 
a predetermined ratio is obtained by adjusting, in re- 
sponse to a display density, at least one of strength, ap- 
plying time and applying number of the electric field ap- 
plied between the electrodes, it is possible to utilize a 35 
display memory property and display an excellent half- 
tone image. 

[0021] In the image display device according to the 
second aspect of the invention, it is preferred that, prior 
to the electric field applying process for obtaining the 40 
display state such that two or more groups of particles 
are mixed with a predetermined ratio, a reset electric 
field for resetting states of two or more groups of parti- 
cles is applied. In this case, since the states of two or 
more groups of particles are once reset prior to the half- 45 
tone image display It is possible to eliminate an influ- 
ence of the display state prior to the halftone image dis- 
play and to realize a desired excellent halftone image 
display with good reproducibility. 

[0022] Moreover, in the image display device accord- so 
ing to the second aspect of the invention, it is preferred 
that the reset electric field is an alternating electric field. 
In this case, since it is possible to generate a desired 
state such that an interaction between the particles and 
the electrode surfaces becomes minimum by flying the 55 
particles A and the particles B constructing two or more 
groups of particles between the electrodes, it is possible 
to realize a mix state of particles A/particles B with a 



more excellent reproducibility by means of a voltage ap- 
plication performed successively. 
[0023] Further, in the image display device according 
to the second aspect of the invention, it is preferred that 
the reset electric field is a pulse electric field. In this 
case, when the frame scan time during for example a 
motion picture display is limited, since the reset electric 
field sufficient for flying all the particles is applied in a 
pulsate state, it is possible to obtain a desired reset state 
in a short time period. 

[0024] An object of the third aspect of the invention is 
to provide an image display device of dry type having a 
rapid response, simple and inexpensive construction, 
and excellent stability, which can utilize a display mem- 
ory property and display an excellent halftone image. 
[0025] According to the third aspect of the invention, 
an image display device which comprises an image dis- 
play panel, in which two or more groups of particles hav- 
ing different colors and different charge characteristics 
are sealed between two substrates, at least one of two 
substrates being transparent, and, in which the parti- 
cles, to which an electrostatic field produced by a pair 
of electrodes provided on one or both substrates is ap- 
plied, are made to fly and move so as to display an im- 
age, is characterized in that one pixel is segmentalized 
to a plurality of sub-pixels, and a halftone image is dis- 
played by a display pattern of the sub-pixels. 
[0026] According to the image display device of the 
third aspect of the invention, since a novel image display 
device is constructed by arranging image display ele- 
ments in a matrix manner, which can fly and move the 
particles by means of Coulomb's force and so on when 
an electrostatic field is directly applied to the particles, 
it is possible to obtain an image display device which 
can realize rapid response, simple and inexpensive con- 
struction, and excellent stability. Moreover, since the 
halftone image display is not performed by repeating 
particles A/particles B, it is possible to utilize a display 
memory property and display an excellent halftone im- 
age. 

[0027] In the image display device according to the 
third aspect of the invention, the present invention can 
be preferably applied to the case such that the plural 
sub-pixels have different size with each other and to the 
case such that ail the plural sub-pixels have same size. 
In the case that the plural sub-pixels have different size 
with each other, it is preferred that a size of the sub-pixel 
is segmentalized to be a two's power and that a size of 
the sub-pixel is determined on the basis of y correction 
coefficient due to a visual sensitivity. 
[0028] Moreover, in the image display device accord- 
ing to the third aspect of the invention, it is preferred that 
one frame is segmentalized to a plurality of sub-frames, 
and a halftone image is displayed by also a display pat- 
tern deviation of the sub-pixels. In this case, since a half- 
tone image display due to the sub-pixels and a halftone 
image display due to the sub-frames are both utilized, it 
is possible to indicate more number of gray levels as 
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compared with the case such that the halftone image 
display is performed by utilizing either one of the cases 
mentioned above. 

[0029] An object of the fourth aspect of the invention 
is to provide an image display device of dry type having 
a rapid response, simple and inexpensive construction, 
and excellent stability, which can utilize a display mem- 
ory property and display an excellent halftone image. 
[0030] According to thefourth aspect of the invention, 
an image display device which comprises an image dis- 
play panel, in which two or more groups of particles hav- 
ing different colors and different charge characteristics 
are sealed between two substrates, at least one of two 
substrates being transparent, and, in which the parti- 
cles, to which an electrostatic field produced by a pair 
of electrodes provided on one or both substrates is ap- 
plied, are made to fly and move so as to display an im- 
age, is characterized in that a sub-frame having a length 
smaller than that of one frame is formed, and a halftone 
image is displayed by a display pattern formed by at 
least one sub-frames. 

[0031] According to the image display device of the 
fourth aspect of the invention, since a novel image dis- 
play device is constructed by arranging image display 
elements in a matrix manner, which can fly and move 
the particles by means of Coulomb's force and so on 
when an electrostatic field is directly applied to the par- 
ticles, it is possible to obtain an image display device 
which can realize rapid response, simple and inexpen- 
sive construction, and excellent stability. Further, as to 
a method for displaying a halftone image, use is made 
of the method such that a sub-frame having a length 
smaller than that of one frame is formed, and a halftone 
image is displayed by a display pattern formed by at 
least one sub-frames, in stead of a method such that a 
display area ratio of particles A / particles B is adjusted. 
Therefore, it is possible to display a halftone image with- 
out complicating a drive circuit of image display ele- 
ments. 

[0032] In the image display device of the fourth aspect 
of the invention, it is preferred that the sub-frames have 
a different length with each other. In this case, since it 
is possible to obtain more gray levels even if using a 
driving clock with lower frequency, the image display 
unit can be made compact and inexpensive. 
[0033] Moreover, in the image display device of the 
fourth aspect of the invention, it is preferred that respec- 
tive lengths of plural sub-frames is a length obtained by 
multiplying a unit length and a two's power. In this case, 
it is possible to obtain more gray levels even if using a 
rough dividing number. 

[0034] Further, in the image display device of the 
fourth aspect of the invention, it is preferred that respec- 
tive lengths of plural sub-frames is determined on the 
basis of y correction coefficient due to a visual sensitivity. 
In this case, it is possible to prevent an image distortion 
at a high-density display portion and to realize the image 
display unit having excellent representation power. 



[0035] Furthermore, in the image display device of the 
fourth aspect of the invention, it is preferred that one 
pixel is segmentated to a plurality of sub-pixels, and a 
halftone image is displayed by a display pattern formed 
5 by at least one of plural sub-pixels. In this case, it is pos- 
sible to extremely increase the number of gray levels by 
using also the halftone image display due to the sub- 
frames. 

[0036] An object of the fifth aspect of the invention is 

10 to provide an image display device of dry type having a 
rapid response, simple and inexpensive construction, 
and excellent stability, which can utilize a display mem- 
ory property and display an excellent halftone image. 
[0037] According to the fifth aspect of the invention, 

15 an image display device which comprises an image dis- 
play panel, in which two or more groups of particles hav- 
ing different colors and different charge characteristics 
are sealed between two substrates, at least one of two 
substrates being transparent, and, in which the parti- 

20 cles, to which an electrostatic field produced by a pair 
of electrodes provided on one or both substrates is ap- 
plied, are made to fly and move so as to display an im- 
age, is characterized in that at least one of voltage value, 
waveform, applying time and applying number of the 

25 voltage applied between the electrodes is adjusted in 
response to a gray level of respective pixels forming the 
image to be displayed, in such a mannerthat an integral 
value of a fly/move current generating at a fly/move mo- 
tion of particles becomes a predetermined target value. 

30 [0038] According to the image display device of the 
fifth aspect of the invention, since a novel image display 
device is constructed by arranging image display ele- 
ments in a matrix manner, which can fly and move the 
particles by means of Coulomb's force and so on when 

35 an electrostatic field is directly applied to the particles, 
it is possible to obtain an image display device which 
can realize rapid response, simple and inexpensive con- 
struction, and excellent stability. Further, as to a method 
for displaying a halftone image, use is made of the meth- 

40 od such that at least one of voltage value, waveform, 
applying time and applying number of the voltage ap- 
plied between the electrodes is adjusted in response to 
a gray level of respective pixels forming the image to be 
displayed, in such a mannerthat an integral value of a 

45 fly/move current generating at a fly/move motion of par- 
ticles becomes a predetermined target value. There- 
fore, it is possible to display the halftone image with ex- 
cellent reproducibility. 

[0039] In the image display device of the fifth aspect 
so of the invention, it is preferred that the image display 
device comprises a fly/move current deleting portion for 
deleting the fly/move current, an integrator for integrat- 
ing the fly/move current, and a comparator for compar- 
ing the integral value of the fly/move current and a gray 
55 level indicating voltage corresponding to the gray level. 
In this case, it is possible to construct an adjusting circuit 
with simple and inexpensive manner wherein at least 
one of voltage value, waveform, applying time and ap- 
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plying number of the voltage applied between the elec- 
trodes is adjusted. 

[0040] Moreover, in the image display device of the 
fifth aspect of the invention, it is preferred that a devia- 
tion between the integral value of the fly/move current 
and the gray level indicating voltage corresponding to 
the gray level is corrected by feeding-back an output of 
the comparator to an output voltage generating portion 
of a particle drive controlling circuit. In this case, it is 
possible to display respective pixels constructing the im- 
age to be displayed with an excellent reproducibility and 
a desired gray level. 

[0041] Moreover, in the image display device of the 
fifth aspect of the invention, it is preferred that afirst cur- 
rent waveform generating when a voltage less than a 
threshold voltage where the particles are made to fly and 
move is applied and a second current waveform gener- 
ating when a voltage larger than the threshold voltage 
is applied are observed, and the second current wave- 
form is corrected on the basis of the first current wave- 
form, in this case, it is possible to optimize a current 
waveform, which is used for calculating the fly/move cur- 
rent. 

BRIEF DESCRIPTION OF DRAWINGS 
[0042] 

Figs. 1a to 1c are schematic views respectively 
showing one embodiment of the image display ele- 
ment of the image display panel used for the image 
display device according to the invention and its dis- 
play driving method. 

Figs. 2a and 2b are schematic views respectively 
illustrating one embodiment of the image display 
device according to the invention in which the image 
display element is arranged in a matrix manner. 
Figs. 3a and 3b are schematic views respectively 
depicting another embodiment of the image display 
panel of the image display device according to the 
invention. 

Figs. 4a and 4b are schematic views respectively 
showing still another embodiment of the image dis- 
play panel of the image display device according to 
the invention. 

Fig. 5 is a schematic view illustrating the measuring 
instrument used forthe measurement of surface po- 
tential of the particles in the image display device 
according to the invention. 

Fig. 6 is a schematic view for explaining one em- 
bodiment of a writing means without using an image 
deleting process in the image display device ac- 
cording to the invention. 

Fig. 7 is a schematic view for explaining another 
embodiment of a writing means without using an im- 
age deleting process in the image display device 
according to the invention. 

Fig. 8a is a schematic view for explaining a method 



of applying a reset voltage for a particle state reset 
operation priorto a halftone image display in the im- 
age display device according to the invention, and 
Fig. 8b is a schematic view for explaining a method 
5 of applying an electric field for a halftone image dis- 
play in the image display device according to the 
invention. 

Fig. 9 is a schematic view for explaining a method 
of applying a reset voltage for a particle state reset 

10 operation priorto a halftone image display in the im- 
age display device according to the invention. 
Figs. 10a-10d are schematic views respectively 
showing one embodiment of the sub-pixels in the 
image display device according to the invention. 

15 Fig. 1 1 is a schematic view illustrating another em- 
bodiment of the sub-pixels in the image display de- 
vice according to the invention. 
Fig. 1 2 is a schematic view for explaining a pseudo 
pattern generated due to continuous same gray lev- 

20 el regions in the sub-pixels segmentalized unequal- 
ly. 

Fig. 13a is a schematic view showing the sub- 
frames used for a halftone image display in the im- 
age display device according to the invention, and 
25 Fig. 1 3b is a schematic view illustrating various dis- 
play patterns used for a halftone image display in" 
the image display device. 

Figs. 1 4a and 1 4b are schematic views respectively 
explaining a method of correcting fly/move current 
30 when a halftone image display is performed in the 
image display device according to the first embod- 
iment. 

Fig. 1 5 is a schematic view for explaining an image 
rewriting means in a known image display device. 
35 Fig. 1 6 is a schematic view for explaining a problem 
In the known Image display device shown in Fig. 15. 

BEST MODE FOR CARRYING OUT THE INVENTION 

40 [0043] First of all, an image display device according 
to a first aspect to a fifth aspect of the invention will be 
explained. Then, respective embodiments will be ex- 
plained. 

[0044] Figs. 1a to 1c are schematic views respectively 
45 showing one embodiment of the image display element 
of the image display panel used for the image display 
device according to the invention and its display driving 
method. In the embodiments shown in Figs. 1a to 1c, 
numeral 1 is a transparent substrate, numeral 2 is an 
50 opposed substrate, numeral 3 is a display electrode 
(transparent electrode), numeral 4 is an opposed elec- 
trode, numeral 5 is a negatively chargeable particle, nu- 
meral 6 is a positively chargeable particle and numeral 
7 is a partition wall. 
55 [0045] Fig. 1 a shows a state such that the negatively 
chargeable particles 5 and the positively chargeable 
particles 6 are arranged between opposed substrates 
(transparent substrate 1 and opposed substrate 2). Un- 
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der such a state, when a voltage is applied in such a 
manner that a side of the display electrode 3 becomes 
low potential and a side of the opposed electrode 4 be- 
comes high potential, as shown in Fig. 1 b, the positively 
chargeable particles 6 fly and move to the side of the 
display electrode 3 and the negatively chargeable par- 
ticles 5 fly and move to the side of the opposed electrode 

4 by means of Coulomb's force. In this case, a display 
face viewed from a side of the transparent substrate 1 
looks like a color of the positively chargeable particles 
6. Next, when a voltage is applied in such a manner that 
the side of the display electrode 3 becomes high poten- 
tial and the side of the opposed electrode 4 becomes 
low potential by reversing potentials, as shown in Fig. 
1c, the negatively chargeable particles 5 fly and move 
to the side of the display electrode 3 and the positively 
chargeable particles 6 fly and move to the side of the 
opposed electrode 4 by means of Coulomb's force. In 
this case, the display face viewed from the side of the 
transparent substrate 1 looks like a color of the nega- 
tively chargeable particles 5. 

[0046] The display states shown in Figs. 1b and 1c 
are repeatedly changeable only by reversing the poten- 
tials of a power source, and thus it is possible to change 
colors on the display face reversibly by reversing the po- 
tentials of the power source as mentioned above. The 
colors of the particles can be arbitrarily selected. For ex- 
ample, when the negatively chargeable particles 5 are 
white color and the positively chargeable particles 6 are 
black color, or, when the negatively chargeable particles 

5 are black color and the positively chargeable particles 
5 are white color, a reversible image display between 
white color and black color can be performed. In this 
method, since the particles are once adhered to the 
electrode by means of an imaging force, a display image 
can be maintained for a long time after a voltage apply 
is stopped, thereby showing an excellent memory prop- 
erty. 

[0047] In the present invention, since the chargeable 
particles fly and move in the gas, the response speed 
of the image display is extremely fast and the response 
speed of shorter than 1 msec may be possible. Moreo- 
ver, it is not necessary to use an orientation film and a 
polarizing plate as the liquid crystal display, and thus it 
is possible to make the structure simple and to realize 
the Image display device having a large display area at 
a lower cost. In addition, it is stable with respect to a 
temperature variation and can be used in a wide tem- 
perature range from a low temperature to a high tem- 
perature. Further, it is not affected by an angle of visual 
field and has a high reflection coefficient. Therefore, it 
is easily viewable and has low electric power consump- 
tion. Furthermore, it has an excellent memory property 
and thus it is not necessary to use an electric power 
when the image is to be maintained. 
[0048] The image display device according to the first 
aspect of the invention comprises the image display 
panel in which the image display element mentioned 



above is arranged in a matrix manner. Figs. 2a and 2b 
to Figs. 4a and 4b show such one embodiment respec- 
tively. The example shown in Figs. 2a and 2b can be 
applied to first aspect, third aspect and fourth aspect of 

5 the invention explained later, the example shown in 
Figs. 3a and 3b can be applied to a second aspect of 
the invention explained later, and the example shown in 
Figs. 4a and 4b can be applied to a fifth aspect of the 
invention explained later. In these embodiments, 3x3 

10 matrix is shown for convenience of explanation. When 
the number of the electrodes is n, it is possible to con- 
struct an arbitrary nxn matrix. 

[0049] In the embodiment shown in Figs. 2a and 2b, 
display electrodes 3-1 to 3-3 arranged substantially in 

15 parallel with each other and opposed electrodes 4-1 to 
4-3 arranged substantially in parallel with each other are 
provided respectively on the transparent substrate 1 
and the opposed substrate 2 in such a manner that they 
are intersected with each other. Serial switches 

20 SW3-1-1 and SW3-1-2; serial switches SW3-2-1 and 
SW3-2-2; and serial switches SW3-3-1 and SW3-3-2 
are respectively connected to the display electrodes 3-1 
to 3-3. In the same way, serial switches SW4-1-1 and 
SW4-1-2; serial switches SW4-2-1 and SW4-2-2; and 

25 serial switches SW4-3-2 and SW4-3-2 are respectively 
connected to the opposed electrodes 4-1 to 4-3. 
[0050] The switches SW3-n-1 (n=1 -3) and the switch- 
es SW4-n-1 (n=1-3) serve to switch the connection to- 
ward a ground level and the connection toward the next 

30 SW respectively. The switches SW3-n-2 (n=1 -3) and the 
switches SW4-n-2 (n=1-3) serve to switch the connec- 
tion toward a high voltage generating circuit 8 and the 
connection toward a low voltage generating circuit 9 re- 
spectively. Moreover, in this embodiment, the 3X3 im- 

35 age display elements are constructed by isolating them 
by means of the partition walls 7, but the partition walls 
7 are not an essential member and may be eliminated. 
[0051] The operation of the matrix electrode con- 
structed by the display electrodes 3-1 to 3-3 and the op- 

40 posed electrodes 4-1 to 4-3 mentioned above is per- 
formed in such a manner that, in accordance with the 
image to be displayed, open/close operations of respec- 
tive switches SW are controlled by means of a sequenc- 
er not shown and the 3x3 image display elements are 

45 displayed in sequence. This operation is the same as 
that of the known one. 

[0052] In the embodiment shown in Figs. 3a and 3b, 
display electrodes 3-1 to 3-3 arranged substantially in 
parallel with each other and opposed electrodes 4-1 to 

so 4-3 arranged substantially in parallel with each other are 
provided respectively on the transparent substrate 1 
and the opposed substrate 2 in such a manner that they 
are intersected with each other. Voltage selection devic- 
es 13 are respectively connected to the display elec- 

55 trodes 3-1 to 3-3. In the same way, voltage selection de- 
vices 13 are respectively connected to the opposed 
electrodes 4-1 to 4-3. 

[0053] Respective voltage selection devices 13 con- 
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nected to the display electrode side serves to apply one 
of voltages selected from a group of a high voltage ob- 
tained from a high voltage generation circuit 8, a low 
voltage obtained from a low voltage generation circuit 
9, a reset voltage obtained from a reset voltage gener- s 
ation circuit 11 , and an inversion reset voltage obtained 
from an inverter 12 to the display electrodes 3-1 to 3-3. 
In addition respective voltage selection devices 13 con- 
nected to the opposed electrode side serves to apply 
one of voltages selected from a group of the reset volt- 10 
age obtained from the reset voltage generation circuit 
11, and a plurality of gray level voltages (for example, 
the same number as that of the desired gray levels) ob- 
tained from a gray level voltage generation circuit 14 to 
the opposed electrodes 4-1 to 4-3. All the voltage selec- 15 
tion devices 1 3 construct a matrix drive circuit 1 0. In this 
embodiment, the 3x3 image display elements are con- 
structed by isolating them by means of the partition walls 
7, but the partition wall 7 is not an essential member and 
may be eliminated. 20 
[0054] In a drive controlling with respect to the matrix 
electrode consisting of the display electrodes 3-1 to 3-3 
and the opposed electrodes 4-1 to 4-3, an operation 
such that the 3 X3 image display elements are displayed 
respectively one by one is performed by controlling an 25 
operation of respective voltage selection devices 13 by 
means of a controlling of a sequencer (not shown) cor- 
responding to the image to be displayed. This operation 
is basically same as that of the known one. In addition, 
according to the present invention, an operation for dis- 30 
playing a halftone image (gray level display) and a par- 
ticle state reset operation priorto the halftone image dis- 
play are performed (these operations will be explained 
later in detail). 

[0055] In the embodiment shown in Figs. 4a and 4b, 35 
the display electrodes (scan electrodes) 3-1 to 3-3 ar- 
ranged substantially in parallel with each other and the 
opposed electrodes (data electrooas) 4-1 to 4-3 ar- 
ranged substantially in parallel with each other are pro- 
vided respectively on the transparent substrate 1 and 40 
the opposed substrate 2 in such a manner that they are 
intersected with each other. A row driver circuit 26 is 
connected to the display electrodes 3-1 to 3-3 respec- 
tively In the same way, a frame buffer 20 is connected 
to the opposed electrodes 4-1 to 4-3 respectively 45 
through a column driver circuit 27. As shown in Fig. 4b, 
respective column driver circuit 27 comprises voltage 
generation circuit 21 , current/voltage conversion circuit 
22, inversion current detector 23, integrator 24 and com- 
parator 25. The column driver circuit 27 constructs a so 
simple and inexpensive adjusting circuit for adjusting a 
voltage value of the gray level voltage applied between 
the electrodes. 

[0056] The row driver circuit 26 connected to the dis- 
play electrode side has a function for generating a scan 55 
signal for scanning successively the display electrodes 
3-1 to 3-3. Moreover, the frame buffer 20 connected to 
the opposed electrode side has a function for outputting 



a gray level indication voltage on the selected opposed 
electrode to the column driver circuit 27. Further, the col- 
umn driver circuit 27 has a function for outputting a gray 
level voltage corresponding to the input gray level indi- 
cation voltage to the opposed electrode and a function 
for correcting a fly/move current as mentioned below. 
All the row driver circuit 26, the column driver circuit 27, 
and the frame buffer 20 construct a matrix drive circuit. 
In this embodiment, the 3x3 image display elements 
are constructed by isolating them by means of the par- 
tition walls 7, but the partition wall 7 is not an essential 
member and may be eliminated. 

[0057] In a drive controlling with respect to the matrix 
electrode consisting of the display electrodes 3-1 to 3-3 
and the opposed electrodes 4-1 to 4-3, an operation 
such that the 3x3 image display elements are displayed 
respectively one by one is performed by controlling op- 
erations of the row driver circuit 26, the column driver 
circuit 27 and the frame buffer 20 by means of a control- 
ling of a sequencer (not shown) corresponding to the 
image to be displayed. This operation is basically same 
as that of the known one. In addition, according to the 
present invention, an operation for displaying a halftone 
image (gray level display) and a particle state reset op- 
eration priorto the halftone image display are performed 
(these operations will be explained later in detail). 
[0058] Hereinafter, respective portions of the image 
display device will be explained. 
[0059] The operation of the matrix electrode con- 
structed by the display electrodes 3-1 to 3-3 and the op- 
posed electrodes 4-1 to 4-3 mentioned above is per- 
formed in such a manner that, in accordance with the 
image to be displayed, open/close operations of respec- 
tive switches S W are controlled by means of a sequenc- 
er not shown and the 3x3 image display elements are 
displayed in sequence. This operation is the same as 
that of the known one. 

[0060] in the case of the display electrode arranged 
on the transparent substrate, respective electrodes con- 
sisting of the matrix electrode is formed of electrocon- 
ductive materials which are transparent and having pat- 
tern formation capability. As such electroconductive ma- 
terials, metals such as aluminum, silver, nickel, copper, 
and gold, or transparent electroconductive metal oxides 
such as ITO, electroconductive tin oxide, and electro- 
conductive zinc oxide formed in the shape of thin film by 
sputtering method, vacuum vapor deposition method, 
CVD (Chemical Vapor Deposition) method, and coating 
method, or coated materials obtained by applying the 
mixed solution of an electroconductive agent with a sol- 
vent or a synthetic resin binder are used. 
[0061 ] Typical examples of the electroconductive ma- 
terial include cationic polyelectrolyte such as benzyltri- 
methylammonium chloride, tetrabutylammonium per- 
chlorate, and so on, anionic polyelectrolyte such as pol- 
ystyrenes u If onate, polyacrylate, and so on, or electro- 
conductive fine powders of zinc oxide, tin oxide, or indi- 
um oxide. Additionally, the thickness of the electrode 
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may be suitable unless the electroconductivity is absent 
or any hindrance exists in optical transparency, and it is 
preferable to be 3 to 1000 nm, more preferable to be 5 
to 400 nm. The foregoing transparent electrode materi- 
als can be employed as the opposed electrode, howev- 
er, non-transpareni electrode materials such as alumi- 
num, silver, nickel, copper, and gold can be also em- 
ployed. 

[0062] Hereinafter, the substrate used in the image 
display device according to the invention will be ex- 
plained. With regards to the substrate, at least one sub- 
strate must be transparent substrate capable of recog- 
nizing the displaying color from outside of the display 
panel, and a material with large transmission factor of 
visible light and with excellent heat resistance is prefer- 
able. The presence of flexibility as the image display de- 
vice is selected appropriately by the usage, for example, 
the flexible materials are selected for the usage as an 
electronic paper and so on , and materials having no flex- 
ibility are selected for the usage as display units for port- 
able devices such as cellular phones, PDAs, and note- 
book personal computers. 

[0063] Examples of the substrate material include pol- 
ymer sheets such as polyethylene terephthalate, poly- 
mer sulfone, polyethylene, or polycarbonate, and inor- 
ganic sheets such as glass, quartz or so. The thickness 
of the substrate is preferably 2 to 5000 |im, more pref- 
erably 5 to 1000 p.m. When the thickness is too thin, it 
becomes difficult to maintain strength and distance uni- 
formity between the substrates, and when the thickness 
is too thick, vividness and contrast as a display capabil- 
ity degrade, and in particular, flexibility in the case of 
using for an electron paper deteriorates. 
[0064] Moreover, as shown in Figs. 1 a to 1c, it is pref- 
erable to form partition walls 7 around each display el- 
ement. The partition walls may be formed in two parallel 
directions. By this structure, unnecessary particle move- 
ment in the direction parallel with the substrate is pre- 
vented. Further, durability repeatability and memory re- 
tention are assisted. At the same time, the distance be- 
tween the substrates is made uniform as reinforcing the 
strength of an image display panel. The formation meth- 
od of the partition wall is not particularly restricted, how- 
ever, a screen printing method wherein pastes are over- 
lapped by coating repeatedly on a predetermined posi- 
tion by screen plate; a sandblast method wherein parti- 
tion materials are painted with a desired thickness en- 
tirely over the substrate and then after coating resist pat- 
tern on the partition materials which is wanted to be left 
as a partition, jetting abrasive to cut and remove partition 
materials aside from the partition part; lift-off method 
(additive method) wherein a resist pattern is formed on 
the substrate using photosensitive polymer, and then af- 
ter burying paste into a resist recess, removing the re- 
sist; photosensitive paste method wherein the photo- 
sensitive resin composition containing the partition ma- 
terials is applied over the substrate and then obtaining 
a desired pattern by exposure & developing; and mold 



formation method wherein paste containing the partition 
materials is applied over the substrate and then forming 
a partition by compression bonding & pressure forming 
the dies having rugged structure; and so on are adopted. 
s Further, modifying the mold formation method, relief em- 
bossing method wherein a relief pattern provided by a 
photosensitive polymer composition is used as a mold 
is also adopted. 

[0065] Then, the particles used in the image display 

10 device according to the invention will be explained. Al- 
though any of colored particles negatively or positively 
chargeable having capability of flying and moving by 
Coulomb's force are employable, spherical particles 
with light specific gravity are particularly preferable. The 

15 average particle diameter is preferable to be 0.1 to 50 
jjjn, particularly to be 1 to 30 jam. When the particle di- 
ameter is less than this range, charge density of the par- 
ticles will be so large that an imaging force to an elec- 
trode and a substrate becomes too strong; resulting in 

20 poor following ability at the inversion of its electric field, 
although the memory characteristic is favorable. On the 
contrary, when the particle diameter exceeds the range, 
the following ability is favorable, however, the memory 
characteristic will degrade. 

25 [0066] Although the method for charging the particles 
negatively or positively is not particularly limited, a co- 
rona discharge method, an electrode injection -charge 
method, a friction charge method and so on are employ- 
able. It is preferable that the absolute value of the dif- 

30 ference between the surface charge densities of the par- 
ticles, which are measured by a blow-off method using 
carriers, is not less than 5 fiC/m 2 and not larger than 
150 p.C/m 2 . When the absolute value of the surface 
charge density is less than this range, response speed 

35 to the change of an electric field will be late : and the 
memory property degrades. When the absolute value of 
the surface charge density exceeds this range, image 
force for the electrode or the substrate will be so strong 
that the memory property will be favorable, but following 

40 ability will be poor in the case where the electric field is 
inverted. 

[0067] Hereinafter, the method of measuring the 
charge amount of particles and the method of measur- 
ing the specific gravity of particles, both necessary for 
45 calculating the surface charge density in the invention, 
will be explained. 

<Blow-off measuring theory and method> 

50 [0068] In the blow-off method, a mixture of the parti- 
cles and the carriers are placed into a cylindrical con- 
tainer with nets at both ends, and high-pressure gas is 
blown from the one end to separate the particles and 
the carriers, and then only the particles are blown off 

55 from the mesh of the net. In this occasion, charge 
amount of reverse blown polarity remains on the carriers 
with the same charge amount of the particles carried 
away out of the container. Then, all of electric flux by 
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this electric charge are collected to Faraday cage, and 
are charged across a capacitor with this amount. Ac- 
cordingly, the charge amount of the particles is deter- 
mined as Q=CV (C: capacity, V: voltage across both 
ends of the capacitor) by measuring potential of both 
ends of the capacitor. 

[0069] As a blow-off powder charge amount measur- 
ing instrument, TB-200 produced by Toshiba Chemical 
Co., Ltd. was used. Two kinds of positively chargeable 
and negatively chargeable resin were employed as the 
carriers, and charge density per unit area (unit: u.C/m 2 ) 
was measured in each case. Namely, F963-2535 avail- 
ablefrom Powder TEC Co., Ltd. was employed as a pos- 
itive chargeable carrier (the carrier whose opponent is 
positively charged and itself tends to be negative) and 
F921-2535 available from Powder TEC Co., Ltd. was 
employed as negatively chargeable carrier (the carrier 
whose opponent is negatively charged and itself tends 
to be positive). The surface charge density of the parti- 
cles was obtained from the measured charge amount, 
the average particle diameter and specific gravity of the 
particles measured separately. 

<Particle specific gravity measuring method> 

[0070] The specific gravity was measured with the 
use of a hydrometerproduced by Shimadzu Seisakusho 
Ltd. (brand name: Multi volume Density Meter H1305). 
[0071] Becauseitis necessary for the particles to hold 
the charged electric charge, insulating particles with the 
volume specific resistance of 1 X10 10 Q-cm or greater 
are preferable, and in particular, insulating particles with 
the volume specific resistance of 1 x 1 0 12 Q.cm or great- 
er are more preferable. Further, the particles with slow 
charge attenuation property evaluated by the measuring 
method below are more preferable. 
[0072] Namely, applying the voltage of 8 kV to a Co- 
rona generator disposed with a distance of 1 mm to the 
surface to generate Corona discharge : charging the sur- 
face, and then, measuring the change of the surface po- 
tential, determine the suitability. In this occasion, it is 
preferable to select the material whose maximum sur- 
face potential will be 300 V or greater after 0.3 seconds, 
more preferable to select the material whose maximum 
surface potential will be 400 V or greater after 0.3 sec- 
ond as the material for composing the particles. 
[0073] Additionally, the foregoing surface potential is 
measured by means of an instrument (CRT2000 pro- 
duced by QEA Inc.) as shown in Fig. 5. In this instrument 
both end portions of a roll shaft being held with chuck 
31 , compact scorotron discharger 32 and surface po- 
tential meter 33 are spaced with predetermined interval 
to form a measurement unit. Faced ly deploying the 
measurement unit with a distance of 1 mm from the sur- 
face of the particles, and by moving the measurement 
unit from one end portion of the roll shaft to the other 
end portion with an uniform speed, with the state that 
the roll shaft remains stopping and while giving surface 



charge, a method of measuring its surface potential is 
preferably adopted. Moreover, measurement environ- 
ment should be settled at the temperature of 25 ± 3°C 
and the humidity of 55 ± 5% RH. 
s [0074] If the particles satisfy electrostatic property 
and so on, the particles may be formed by any materials. 
For example, it is formed by resin, charge control agent, 
coloring agent, inorganic additive and so on, or, by color- 
ing agent and so on only. 

10 [0075] Typical examples of the resin include urethane 
resin, urea resin, acrylic resin, polyester resin, acryl ure- 
thane resin, acryl urethane silicone resin, acryl urethane 
fluorocarbon polymers, acryl fluorocarbon polymers, sil- 
icone resin, acryl silicone resin, epoxy resin, polystyrene 

15 resin, styrene acrylic resin, polyolefin resin, butyral res- 
in, vinylidene chloride resin, melamine resin, phenolic 
resin, fluorocarbon polymers, polycarbonate resin, 
polysulfon resin, polyether resin, and polyamide resin. 
For the purpose of controlling the attaching force with 

20 the substrate, acryl urethane resin, acryl silicone resin, 
acryl fluorocarbon polymers, acryl urethane silicone res- 
in, acryl urethane fluorocarbon polymers, fluorocarbon 
polymers, silicone resin are particularly preferable. Two 
kinds or more of these may be mixed and used. 

25 [0076] Examples of the electric charge control agent 
include, but not particularly specified to, negative charge 
control agent such as salicylic acid metal complex, met- 
al containing azo dye, oil-soluble dye of metal-contain- 
ing (containing a metal ion or a metal atom), the fourth 

30 grade ammonium salt-based compound, calixarene 
compound, boron-containing compound (benzyl acid 
boron complex), and nitroimidazole derivative. Exam- 
ples of the positive charge control agent include nigro- 
sine dye, triphenylmethane compound, the fourth grade 

35 ammonium salt compound, polyamine resin, imidazole 
derivatives, etc. Additionally, metal oxides such as ultra- 
fine particles of silica, ultra-fine particles of titanium ox- 
ide, ultra-fine particles of alumina, and so on; nitrogen- 
containing circular compound such as pyridine, and so 

40 on, and these derivates or salts; and resins containing 
various organic pigments, fluorine, chlorine, nitrogen, 
etc. can be employed as the electric charge control 
agent. 

[0077] As for a coloring agent, various kinds of organ - 
45 ic or inorganic pigments or dye as will be described be- 
low are employable. 

[0078] Examples of black pigments include carbon 
black, copper oxide, manganese dioxide, aniline black, 
and activate carbon. Examples of yellow pigments in- 

50 elude chrome yellow, zinc chromate, cadmium yellow, 
yellow iron oxide, mineral first yellow, nickel titanium yel- 
low, navel orange yellow, naphthol yellow S, hanzayel- 
low G, hanzayellow 1 0G, benzidine yellow G, benzidine 
yellow GR, quinoline yellow lake, permanent yellow 

55 NCG, and tartrazinelake. Examples of orange pigments 
include red chrome yellow, molybdenum orange, per- 
manent orange GTR, pyrazolone orange, Balkan or- 
ange, indusren brilliant orange RK, benzidine orange G, 
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and Indusren brilliant orange GK, Examples of red pig- 
ments include red oxide, cadmium red, diachylon, mer- 
cury sulfide, cadmium, permanent red 4R, lithol red, 
pyrazolone red, watching red, calcium salt, lake red D, 
brilliant carmine 6B, eosin lake, rhodamine lake B, ali- 
zarin lake, and brilliant carmine 3B. 
[0079] Examples of purple pigments include manga- 
nese purple, first violet B, and methyl violet lake. Exam- 
ples of blue pigments include Berlin blue, cobalt blue, 
alkali blue lake, Victoria blue lake, phthalocyanineblue, 
metal-free phthalocyanine blue, partially chlorinated 
phthalocyanine blue, first sky blue, and Indusren blue 
BC. Examples of green pigments include chrome green, 
chromium oxide, pigment green B, Malachite green 
lake, and final yellow green G. Further, examples of 
white pigments include zinc white, titanium oxide, anti- 
mony white, and zinc sulphide. 

[0080] Examples of extenders include baryta powder, 
barium carbonate, clay, silica, white carbon, talc, and 
alumina white. Furthermore, there are Nigrosine, Meth- 
ylene Blue, rose bengal, quinoline yellow, and ultrama- 
rine blue as various dyes such as basic dye, acidic dye, 
dispersion dye, direct dye, etc. These coloring agents 
may be used alone or in combination of two or more 
kinds thereof. Particularly, carbon black is preferable as 
the black coloring agent, and titanium oxide is preferable 
as the white coloring agent. 

[0081] Although the manufacturing method of the par- 
ticles is not specifically restricted, mixing/grinding meth- 
od or polymerization method for producing toner of elec- 
trophotography is, for example, similarly employable. 
Further the method of coating resin or charge control 
agent and so on over the surface of powders such as 
inorganic or organic pigments is also employable. 
[0082] The distance between the facing substrates is 
suitably adjusted in a manner where the particles can 
move and maintain the contrast of image display; how- 
ever, it is adjusted usually within 10 to 5000 u,m, prefer- 
ably within 30 to 500 urn. The volume population of the 
particle existing in the space between the faced sub- 
strates is preferable to be 10 to 90%, more preferable 
to be 20 to 70%. When the volume population exceeds 
80%, it causes some troubles in the particle movement, 
and when it is less than 10%, contrast tens to be indis- 
tinct. 

[0083] In the image display panel used in the image 
display device according to the invention, plural of the 
foregoing display element are dispose in a matrix form, 
and images can be displayed. In the case of mono- 
chrome display, one display element makes one pixel. 
In the case of full color display, three kinds of display 
elements, i.e., one group of display elements each hav- 
ing color plate of R (red), G (green) and B (blue) respec- 
tively and each having particles of black composes a set 
of disposed elements preferably resulting in the revers- 
ible image display panel having the sets of the elements . 
[0084] The image display device according to the in- 
vention is applicable to the image display unit for mobile 



equipments such as notebook personal computers, 
PDAs, cellular phones and so on; to the electric paper 
for electric book, electric newspaper and so on; to the 
bulletin boards such as signboards, posters, black- 
5 boards and so on; and to the image display u nit for elec- 
tric calculator, home electric application products, auto 
supplies and so on. 

[0085] Hereinafter, the first aspect - the fifth aspect of 
the invention will be described in further detail. 

10 

Embodiment 1 

[0086] Hereinafter, a weiting means without using an 
image deleting process, which is a feature of the first 

15 aspect of the image display device according to the in- 
vention, will be explained with reference to drawings. In 
the examples shown in Figs. 6 and 7, a rewriting oper- 
ation from numeral "1" to numeral "2" is explained on 
the 7 lines x 5 rows matrix display. 

20 [0087] in the example shown in Fig. 6, the image is 
formed by switching a direction of the electric field to be 
applied sequentially during an image forming process 
of a portion where the display is rewritable at once (nor- 
mally one line) on the 7 lines x 5 rows matrix display. 

25 Specifically, if patterns of 1 — n lines of the image "2" to 
be written next are assumed as P1— Pn, in order to 
switch the direction of the electric field at every one line, 
firstly the pattern P1 is written by Ea on the first line and 
then the pattern Not(P1) is written by Eb on the first line. 

30 Secondary, the pattern P2 is written by Ea on the second 
line and the pattern Not(P2) is written by Eb on the sec- 
ond line. This operation is repeated till the state such 
that the pattern Pn is written by Ea on the n line and then 
the pattern Not(Pn) is written by Eb on the n line, so that 

35 it is possible to rewrite the numeral "1" to the numeral 
ii2« 

[0088] In this embodiment, since the image is formed 
by switching a direction of the electric fields Ea and Eb 
sequentially one line by one line on the matrix display, 
40 it is possible to display a motion picture with no anter 
image as compared with the example described later as 
Fig. 7. 

[0089] In the example shown in Fig. 7, on the 7 lines 
x 5 rows matrix display, firstly the 7X5 writing pattern 

45 indicating the numeral "2" is written by the same direc- 
tion of the electric field Ea, and then the inverting 7x5 
writing pattern indicating the numeral "2" is written by 
the switched direction of the electric field Eb, so that it 
is possible to rewrite the numeral "1" to the numeral "2". 

so [0090] In this embodiment, on the matrix display, the 
writing pattern indicating the numeral "2" is formed for 
one whole image by Ea, and then the inverting writing 
pattern "2" that is a nega of the writing pattern "2" is 
formed for one whole image by the switched Eb. in this 

55 case, even after the image is formed by Ea. a portion of 
the particles A for the previous image, which is sup- 
posedto be replaced by the particles B, remains. There- 
fore, it is recognized as the after image on the motion 
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picture. However, since the electric field switching fre- 
quency between Ea and Eb is extremely low as com- 
pared with the example shown in Fig. 6, it is possible to 
make a generation of electromagnetic noise due to a 
display element drive smaller, and thus It is possible to s 
make a limit of frame operation speed due to a capaci- 
tance between the display element electrodes higher. 

Embodiment 2 

10 

[0091 ] Then , the operation for the halftone image dis- 
play (gray level display) and the particle sate reset op- 
eration prior to the halftone image display, which are 
performed by the second aspect of the image display 
device according to the invention, will be explained with 15 
reference to Figs. 8a, 8b and Fig. 9. 
[0092] Fig. 8a is a schematic view for explaining a 
method of applying a reset voltage for a particle state 
reset operation prior to a halftone image display in the 
image display device according to the second aspect of 20 
the invention, and Fig. 8b is a schematic view for ex- 
plaining a method of applying an electric field for a half- 
tone image display in the image display device accord- 
ing to the second aspect of the invention. In Figs. 8a and 
8b, a horizontally arranged rectangle corresponds to the 25 
display electrode 3, a vertically arranged rectangle cor- 
responds to the opposed electrode 4, and an intersect- 
ing portion between the horizontally arranged rectangle 
and the vertically arranged rectangle corresponds to the 
image display element. Here, it, as shown in Fig. 8b, a 30 
voltage Vs is applied to the image display element on 
the uppermost line and leftmost row from the display 
electrode side and a voltage Vdt is applied thereto from 
the opposed electrode side, the image display element 
shows a display state such that the particles A and the 35 
particles B are mixed with a mixing ratio corresponding 
to a magnitude of electric field (Vd1-Vs)/g, here, g : dis- 
tance between electrodes (electric field intensity). In the 
same way, if, as shown in Fig. 8b, a voltage Vs is applied 
to the image display element on the uppermost line and 40 
third row from leftmost one from the display electrode 
side and a voltage Vs2 is applied thereto from the op- 
posed electrode side, the image display element shows 
a display state such that the particles A and the particles 
B are mixed with a mixing ratio corresponding to a mag- 45 
nitude of electric field (Vd2-Vs)/g, here, g : distance be- 
tween electrodes (electric field intensity). 
[0093] Here, it is assumed for example that a color of 
the particles A is black and a color of the particles B is 
white. In this case, if the mixing ratio of the particles A so 
and the particles B is 100 : 0, the image display element 
shows a black color as is the same as the case in which 
a normal image forming electric field is applied. If the 
mixing ratio of the particles A and the particles B is 0 : 
100, the image display element show a white color as 55 
is the same as the case in which a normal image forming 
electric field is applied. Under such a condition, if the 
magnitude of electric field (Vd1 -Vs)/g is set to be close 



to the magnitude of electric field for the black display, 
the image display element on the uppermost line and 
leftmost row shows a halftone image near black color. 
In the same way, if the magnitude of electric field 
(Vd2-Vs)/g is set to be close to the magnitude of electric 
field for the white display, the image display element on 
the uppermost line and third row from leftmost one 
shows a halftone image near white color. In this manner, 
it is possible to obtain a display state such that the par- 
ticles A and the particles B are mixed with a desired mix- 
ing ratio by adjusting a magnitude of electricfield applied 
between the display electrode and the opposed elec- 
trode in response to a desired display density. In this 
case, as shown in Fig. 8b, the image display element, 
to which 0 electricfield is applied on at least one of elec- 
trodes, maintains its display color prior to the voltage 
application. 

[0094] In the example mentioned above, the halftone 
image display is performed by adjusting the electric field 
intensity applied between the display electrode and the 
opposed electrode. However, the halftone image dis- 
play of this example may be performed by adjusting an 
applying time period of electricfield applied between the 
display electrode and the opposed electrode, or, by ad- 
justing an applying number of electric field applied be- 
tween the display electrode and the opposed electrode, 
or, by adjusting electric field intensity, electric field ap- 
plying time period and electric field applying number at 
the same time. 

[0095] Fig. 9 is a schematic view for explaining a 
method of applying a reset voltage for a particle state 
reset operation prior to a halftone image display in the 
image display device according to the invention. In this 
embodiment, as shown in Fig. 9, a reset voltage apply- 
ing period is arranged from an end of previous frame to 
a start of current frame. During the reset voltage apply- 
ing period, the reset voltage for generating an alternat- 
ing electric field as a reset electric field is applied. The 
reset voltage is set to be a voltage value largerthan that 
of an image forming voltage applied for the display for 
the particles A only, the display for the particles B only, 
and the halftone image display between the particles A 
and the particles B. Moreover, a reset voltage applica- 
tion is performed by applying voltages having inversion 
phase (reset voltage and inversion reset voltage) to the 
display electrode and the opposed electrode. In the im- 
age display element to which the reset voltage is applied 
(shown by a black quadrate in Fig. 8b), previous image 
display state is reset. 

[0096] The reason for applying the reset voltage men- 
tioned above is as follows. That is, in the case that the 
halftone image display is performed by adjusting the ap- 
plied electric field intensity as shown in Fig. 8b, if the 
mixing state between the particles A and the particles B 
is once reset, an actual mixing ratio between the parti- 
cles A and the particles B is deviated from the desired 
mixing ratio due to an influence of the previous image 
prior to the halftone image display. The reset voltage is 
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applied for eliminating this mixing ratio deviation. In this 
manner, if the mixing state between the particles A and 
the particles B is once reset prior to the halftone image 
display, it is possible to reduce the influence of the pre- 
vious image prior to the halftone image display, and thus 
it is possible to realize the desired halftone image dis- 
play with an excellent reproducibility. 
[0097] In this case, since the alternating electric field 
is used as the reset electric field, the particles A and the 
particles B are flown between the display electrode and 
the opposed electrode, and thus it is possible to realize 
a desired state such that an interaction between the par- 
ticles and the electrode surfaces can be made minimum. 
Therefore, it is possible to realize the mixing state be- 
tween the particles A and the particles B due to succes- 
sive voltage applications with more excellent reproduc- 
ibility. 

[0098] In the example mentioned above, the alternat- 
ing electric field is used as the reset electric field, but 
instead a pulse electric field may be used as the reset 
electric field. In this case, even in the case that a frame 
scan period is limited as a motion picture display and so 
on, if the reset electric field sufficient for ail the particles 
fly is applied in a form of the pulse, it is possible to obtain 
the desired reset state in a short time. 

Embodiment 3 

[0099] Figs. 1 0a to 1 0d are schematic views respec- 
tively showing one embodiment of sub-pixels in the third 
aspect of the image display device according to the in- 
vention. The embodiment shown in Figs. 10a to 10d 
shows the sub-pixels obtained by segmentalizing one 
pixel unevenly. Specifically, one pixel (Fig. 10b) in the 
20X20 dots matrix display shown in Fig. 10a is segmen- 
tated into sub-pixels each having a different size. In 
this case, sizes of the sub-pixels are to be two's power 
i.e. six sub-pixels have sizes of 2°(=1), 2 1 (=2), 2 2 (=4), 
2 3 (=8), 2 4 (=16) and 2 5 (=32) respectively. 
[0100] As for a method of segmentalizing one pixel 
unevenly, as shown in Fig. 1 0c, use may be made of six 
sub-pixels each having a rectangular shape with a dif- 
ferent area. Moreover, as shown in Fig. 10d, use may 
be made of six sub-pixels each having same width along 
a line direction and different width along a row direction, 
i.e. each having a different area. The uneven segmen- 
talization shown in Fig. 1 0c is difficult on drive, and thus 
the uneven segmentalization shown in Fig. 10d is more 
useful. In both uneven segmentalizations mentioned 
above, the halftone image display can be performed by 
appropriately driving the sub-pixels, and further it is pos- 
sible to maintain the halftone image even after power 
OFF state. 

[01 01 ] As shown in Figs. 1 0c and 1 0d, if the sub-pixels 
are formed by segmentalizing one pixel unevenly, it is 
possible to obtain a larger number of area patterns by 
a smaller number of sub-pixel combinations. If the 
number of the sub-pixels is smaller, a drive circuit for 



driving the sub-pixels can be made smaller and realize 
a compact and inexpensive construction. Moreover, if 
the sizes of the sub-pixels are to be two's power i.e. 1 , 
2, 4, 8 — , it is possible to obtain a combination of sub- 

5 pixels total area by a smallest segmentalization number 
of the sub-pixels. Further, in addition to the halftone im- 
age display, if the sub-pixels are segmentalized on the 
basis of Ycorrection coefficient due to a visual sensitivity, 
it is possible to eliminate a distortion of the image at a 

10 high density display portion and to obtain the image dis- 
play device with more excellent representational power. 
[0102] Fig. 11 is a schematic view showing another 
embodiment of the sub-pixels in the third aspect of the 
image display device according to the invention. The 

15 embodiment shown in Fig. 11 shows the sub-pixels ob- 
tained by segmentalizing one pixel evenly. Specifically, 
one pixel is segmentalized into 4x4 sub-pixels. Even in 
the embodiment shown in Fig. 11, the halftone image 
display can be performed by appropriately driving the 

20 sub-pixels, and also the halftone image can be main- 
tained after power OFF. As shown in Fig. 11 , if the sub- 
pixels are formed by segmentalizing one pixel evenly so 
as to indicate the same halftone image by a different 
sub-pixels patterns, it is possible to prevent a generation 

25 of a pseudo pattern (line) in the case of the unevenly 
segmentalized sub-pixels as shown in Fig. 12 at a por- 
tion where the pixels having same gray level are contin- 
ued, and thus it is possible to obtain the image with a 
high quality. 

30 [0103] As the preferred embodiment of the third as- 
pect of the image display device according to the inven- 
tion, one frame is further segmentalized to a plurality of 
sub-frames, and the halftone image is displayed by a 
deviation of the display pattern of the sub-frames. In this 

35 case, the halftone image display due to the sub-pixels 
and the halftone image display due to the sub-frames 
can be utilized at the same time, and thus it is possible 
to display the image with more gray levels as compared 
with the halftone image display utilizing only one of sub- 

40 pixels and sub-frames. 

Embodiment 4 

[0104] Then, the operation forthe halftone image dis- 
45 play (gray level display) performed in the fourth aspect 
of the image display device according to the invention 
will be explained with reference to Figs. 13a and 13b. 
Hereinafter, forthe sake of simplicity of the explanation, 
the explanation is performed by the case of 2 3 = 8 gray 
so level display, but it is a matter of course that 2 n gray level 
display can be performed if the kinds n of the sub- 
frames. 

[0105] Fig. 1 3a is a schematic view showing the sub- 
frames used forthe halftone image display in the image 
55 display device according to the invention. In this inven- 
tion, the sub-frame having a length smaller than that of 
oneframe is formed, and the halftone image is displayed 
by a display pattern formed by at least one sub-frame. 
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In this case, as the sub-frame, use is made of plural sub- 
frames SF1 , SF2, SF3 having different length with each 
others. 

[0106] That Is, in Fig. 13a, SF1 is the sub-frame hav- 
ing a length corresponding to one unit period (1 unit 
length), SF2 is the sub-frame having a length corre- 
sponding to two unit periods, and SF3 is the sub-frame 
having a length corresponding to four unit periods. Here, 
the reason for setting respective sub-frame lengths to 
the length (time period) obtained by multiplying a unit 
length and a two's power as SF1 - unit period x 2°, SF2 
= unit period x 1\ SF3 = unit period x 22, is to realize 
2 3 = 8 gray level display only by using three kinds (small 
number) of the sub-frames. 

[01071 Fig- "13b is a schematic view showing various 
display patterns used for the halftone image display ac- 
cording to the invention. In Fig. 13b, for example, it is 
assumed that a color of the particles A is black and a 
color of the particles B is white. In this case, a period for 
displaying the particles A is shown by a hatched rectan- 
gle. Under such a condition, P0 is the display pattern for 
displaying no particles A, P1 is the display pattern for 
displaying the particles A in one unit period by utilizing 
the sub-frame SF1 , P2 is the display pattern for display- 
ing the particles A in two un it periods by utilizing the sub- 
frame SF2, P3 is the display pattern for displaying the 
particles A in three unit periods by utilizing the sub- 
frames SF1 and SF2, P4 in the display pattern for dis- 
playing the particles A in four unit periods by utilizing the 
sub-frame SF3, P5 is the display pattern for displaying 
the particles A in five unit periods by utilizing the sub- 
frames SF1 and SF3, P6 is the display pattern for dis- 
playing the particles A in six unit periods by utilizing the 
sub-frames SF2 and SF3, and P7 is the display pattern 
for displaying the particles A in seven unit periods by 
utilizing the sub-frames SF1 , SF2 and SF3. In the em- 
bodiment shown in Fig. 13b, the unit time period corre- 
sponds to 1/7 of one frame. 

[0108] In the image display device according to the 
invention, the display pattern used for displaying the 
halftone image is not limited to the examples shown in 
Fig. 13b. For example, in the case of the display pattern 
P5 consisting of plural sub-frames, other combinations 
of the sub-frames may be utilized if the total unit period 
is five. Moreover, the display patterns shown in Fig. 1 3b 
show the display pattern in which the display is per- 
formed from a start of the current frame and a predeter- 
mined unit period continues from this start point. How- 
ever, if a predetermined unit period can be accom- 
plished, the display may start from an arbitral point of 
the current frame. Moreover, a plurality of sub-frames 
may be displayed disco ntinuously. In the embodiment 
shown in Figs. 13a and 13b, use is made of the display 
patterns P0 to P7 utilizing at least one sub-frames SF1 , 
SF2 and SF3 each having a length smaller than that of 
one frame and a different length with each other. More- 
over, the display patterns P0 to P7 may be constructed 
by only one sub-frame SF1 having a length smallerthan 



one frame if the number of SF1 it equal to the number 
of the predetermined unit period. 
[0109] In the image display device according to the 
invention, the halftone image is displayed by utilizing the 
5 display patterns P0 to P7 consisting of at least one sub- 
frames SF1 , SF2 and SF3 each having different length 
with each other, instead of displaying the halftone image 
by adjusting the display area ratio of particles A/particles 
B. Therefore, it is possible to display the halftone image 
10 without complicating the drive circuit of the image dis- 
play element. Moreover, since a larger number of gray 
levels can be obtained with a lower drive clock frequen- 
cy by utilizing the sub-frames SF1, SF2 and SF3 each 
having different length with each other, it is possible to 
15 obtain the image display device having a compact and 
inexpensiveconstruction. Further, since the length of re- 
spective sub-frames SF1 , SF2 and SF3 is setto a length 
obtained by multiplying a unit length and a two's power, 
it is possible to obtain a larger number of gray levels with 
an equal gradation by a rough segmentalization 
number. 

[0110] In the image display device according to the 
invention, a length of respective sub-frames is deter- 
mined to be a length obtained by multiplying a unit length 
and a two's power, but it may be determined on the basis 
of y correction coefficient due to a visual sensitivity. In 
this case, it is possible to prevent a distortion of the im- 
age at the high density display portion and to obtain the 
image display device with excellent representational 
power. 

[0111] Moreover, in the image display device accord- 
ing to the invention, the sub-frame having a length small- 
er than that of one frame is formed, and the halftone 
image formed by at least one sub-frame. However, it is 
possible to combine the method such that one pixel is 
segmentalized to a plurality of sub-pixels and the half- 
tone image is displayed by the display pattern formed 
by at least one of plural sub-pixels. In this case, since 
two kinds of the halftone image displaying methods are 
used, it is possible to extremely increase the feasible 
number of gray levels. 

Embodiment 5 

[0112] Then, the method for correcting a fly/move cur- 
rent in the halftone image display (gray level display) 
performed in the fifth aspect of the invention will be ex- 
plained with reference to Figs. 14a and 14b. 
[01 1 3] Figs. 1 4a and 1 4b are schematic views respec- 
tively explaining the method of correcting the fly/move 
current when the halftone image display is performed in 
the image display device according to the fifth aspect of 
the invention. In this embodiment it is considered that, 
when a voltage is applied between the electrodes of the 
image display panel of the image display device, a fly/ 
move current due to a particle fly/move motion and also 
a charged currentfor charging capacitance between the 
electrodes are flown. Therefore, a current flowing when 
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the voltage is applied between the electrodes is simply 
observed, and then an observed voltage calculated by 
summing the fly/move current and the charged current 
is obtained. 

[0114] Since the charged current is preliminarily ob- 
tained by a calculation utilizing an electrode distance, a 
gas charged between the electrodes, a dielectric con- 
stant of the particles and so on, it is possible to obtain 
the fly/move current from the observed current value by 
utilizing such calculation value. However, if the calcula- 
tion value is used as it is : it is not possible to correct a 
variation of a display density in the case that a variation 
of the charged current waveform is generated by a var- 
iation of a cell gap between the electrodes in the image 
display panel. 

[01 1 5] Therefore, in this embodiment, with respect to 
the current pixel to be displayed and the pixels adjacent 
to the current pixel, as shown in Fig. 14a, a first current 
waveform (current waveform shown in left side of Fig. 
14b) that is the charged current generating when a volt- 
age A having a voltage value less than a particle fly/ 
move threshold voltage, and a second current waveform 
(current waveform shown in right side of Fig. 14b) that 
is the observed current generating when a voltage B 
having a voltage value larger than the particle fly/move 
threshold voltage are observed, and the observed cur- 
rent waveform is corrected on the basis of the charged 
current waveform. Specifically, the fly/move current af- 
ter correction is obtained by calculating (fly/move cur- 
rent^ (observed current) - (charged current x B/A) with 
the use of the applied voltage corresponding to a de- 
sired halftone image to be actually displayed as the volt- 
age B. In this case, the correction is performed on the 
basis of an integral value of the particle fly/move current. 
[0116] In this manner, when the halftone image dis- 
play is performed in the fifth aspect of the image display 
device according to the invention, the current waveform 
utilized for the calculation of the fly/move current is op- 
timized, and thus it is possible to correct the variation of 
the display density. 

[01 17] In the example mentioned above, the halftone 
image display is realized by adjusting the voltage value 
applied between the electrodes. However, instead of the 
adjustment of the voltage value mentioned above, one 
or more objects of waveform, applied period and applied 
number of the voltage applied between the electrodes 
may be adjusted. 

[01 18] In the first to fifth aspects of the invention men- 
tioned above, the electrodes (display electrode, op- 
posed electrode) are arranged on the substrates (trans- 
parent substrate, opposed substrate). In this case, the 
term "arranged on the substrate" include the case such 
that "the electrode is arranged on the substrate directly" 
and the case such that "the electrode is arranged on the 
substrate with a space". 



Industrial applicability 

[0119] In the image display device according to the 
first aspect of the invention, since a novel image display 

s device is constructed by arranging image display ele- 
ments in a matrix manner, which can fly and move the 
particles by means of Coulomb's force and so on when 
an electrostatic field is directly applied to the particles, 
it is possible to obtain an image display device which 

10 can realize rapid response, simple and inexpensive con- 
struction, and excellent stability. Moreover, since the im- 
age deleting process prior to forming the image to be 
displayed is eliminated, it is possible to reduce density 
unevenness and maintain the display quality. 

15 [0120] In the image display device according to the 
second aspect of the invention, since a novel image dis- 
play device is constructed by arranging image display 
elements in a matrix manner, which can fly and move 
the particles by means of Coulomb's force and so on 

20 when an electrostatic field is directly applied to the par- 
ticles, it is possible to obtain an image display device 
which can realize rapid response, simple and inexpen- 
sive construction, and excellent stability. Moreover, in 
order to display a halftone image, since a display state 

25 such thattwo or more groups of particles are mixed with 
a predetermined ratio is obtained by adjusting, in re- 
sponse to a display density, at least one of strength, ap- 
plying time and applying number of the electric field ap- 
plied between the electrodes, it is possible to utilize a 

30 display memory property and display an excellent half- 
tone image. Further, since the states of two or more 
groups of particles are once reset prior to the halftone 
image display, it is possible to eliminate an influence of 
the display state prior to the halftone image display and 

35 to realize a desired excellent halftone image display with 
good reproducibility. 

[0121] In the image display device according to the 
third aspect of the invention, since a novel image display 
device is constructed by arranging image display ele- 

40 ments in a matrix manner, which can fly and move the 
particles by means of Coulomb's force and so on when 
an electrostatic field is directly applied to the particles, 
it is possible to obtain an image display device which 
can realize rapid response, simple and inexpensive con- 

45 struction, and excellent stability. Moreover, since the 
halftone image display is not performed by repeating 
particles A/particles B, it is possible to utilize a display 
memory property and display an excellent halftone im- 
age. 

so [0122] In the image display device according to the 
fourth aspect of the invention, since a novel image dis- 
play device is constructed by arranging image display 
elements in a matrix manner, which can fly and move 
the particles by means of Coulomb's force and so on 

55 when an electrostatic field is directly applied to the par- 
ticles, it is possible to obtain an image display device 
which can realize rapid response, simple and inexpen- 
sive construction, and excellent stability. Further, as to 
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a method for displaying a halftone image, use is made 
of the method such that a sub-frame having a length 
smaller than that of one frame is formed, and a halftone 
image is displayed by a display pattern formed by at 
least one sub-frames, in stead of a method such that a 5 
display area ratio of particles A/ particles B is adjusted. 
Therefore, it is possible to display a halftone image with- 
out complicating a drive circuit of image display ele- 
ments. 

[0123] In the image display device according to the 10 
fifth aspect of the invention, since a novel image display 
device is constructed by arranging image display ele- 
ments in a matrix manner, which can fly and move the 
particles by means of Coulomb's force and so on when 
an electrostatic field is directly applied to the particles, 15 
it is possible to obtain an image display device which 
can realize rapid response, simple and inexpensive con- 
struction, and excellent stability. Further, as to a method 
for displaying a halftone image, use is made of the meth- 
od such that at least one of voltage value, waveform, 20 
applying time and applying number of the voltage ap- 
plied between the electrodes is adjusted in response to 
a gray level of respective pixels forming the image to be 
displayed, in such a manner that an integral value of a 
fly/move current generating at a fly/move motion of par- 25 
tides becomes a predetermined target value. There- 
fore, it is possible to display the halftone image with ex- 
cellent reproducibility. 

30 

Claims 



wherein, in a matrix display, the image is formed by 
switching a direction of the electric field to be ap- 
plied sequentially during an image forming process 
of a portion where the display is rewritable at once 
(normally one line). 

3. The image display device according to claim 1 , 
wherein, in a matrix display, the image is first formed 
by applying an electric field having a same direction 
to a plurality of portions where the display is rewri- 
table at once (normally one line), and then the im- 
age of the same portion as the previous process is 
formed by switching a direction of the electric field 
to be applied. 

4. An image display device wh ich comprises an image 
display panel, in which two or more groups of par- 
ticles having different colors and different charge 
characteristics are sealed between two substrates, 
at least one of two substrates being transparent, 
and, in which the particles, to which an electrostatic 
field produced by a pair of electrodes provided on 
one or both substrates is applied, are made to fly 
and move so as to display an image, 

characterized in that, on the occasion when 
the image to be displayed is formed, a display state 
such that two or more groups of particles are mixed 
with a predetermined ratio is obtained by adjusting, 
in response to a display density, at least one of 
strength, applying time and applying number of the 
electric field applied between the electrodes. 



1 . An image display device which comprises an image 
display panej, in which two or more groups of par- 
ticles having different colors and different charge 35 
characteristics are sealed between two substrates, 

at least one of two substrates being transparent, 
and, in which the particles, to which an electrostatic 
field produced by a pair of electrodes provided on 
one or both substrates is applied, are made to fly 40 
and move so as to display an image, 

characterized in that the image display de- 
vice has an image (to be displayed) fo rm in g process 
comprising an image forming process for forming 
the image by applying an electric field pattern be- 45 
tween the electrodes, the electric field pattern serv- 
ing to fly particles A to the substrate at an image 
display side; and an image forming process for 
forming the image by applying an inversion (nega- 
tive) electric field pattern with respect to the electric so 
field pattern, the inversion electricfield pattern serv- 
ing to fly particles B having different colors and dif- 
ferent charge characteristics with respect to those 
of the particles A to the substrate at an Image dis- 
play side; so that an image deleting process prior 55 
to forming the image to be displayed is eliminated. 

2. The image display device according to claim 1, 



5. The image display device according to claim 4, 
wherein, prior to the electric field applying process 
for obtaining the display state such that two or more 
groups of particles are mixed with a predetermined 
ratio, a reset electric field for resetting states of two 
or more groups of particles is applied. 

6. The image display device according to claim 4, 
wherein the reset electricfield is an alternating elec- 
tric field. 

7. The image display device according to claim 4, 
wherein the reset electric field is a pulse electric 
field. 

8. An image display device which comprises an image 
display panel, in which two or more groups of par- 
ticles having different colors and different charge 
characteristics are sealed between two substrates, 
at least one of two substrates being transparent, 
and, in which the particles, to which an electrostatic 
field produced by a pair of electrodes provided on 
one or both substrates is applied, are made to fly 
and move so as to display an image, characterized 
in that one pixel is segmentated to a plurality of 
sub-pixels, and a halftone image is displayed by a 
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display pattern of the sub-pixels. 

9. The image display device according to claim 8, 
wherein sizes of plural sub-pixels are different. 

5 

10. The image display device according to claim 9, 
wherein a size of the sub-pixels is segmentalized to 
be a two's power. 

11. The image display device according to claim 9, 10 
wherein a size of the sub-pixels is determined on 
the basis of y correction coefficient due to a visual 
sensitivity. 

12. The image display device according to claim 8, 15 
wherein all the sub-pixels have the same size. 

13. The image display device according to one of 
claims 8-1 2, wherein one frame is segmentalized to 

a plurality of sub-frames, and a halftone image is 20 
displayed by also a display pattern deviation of the 
sub-pixels. 

14. An image display device which comprises an image 
display panel, in which two or more groups of par- 25 
tides having different colors and different charge 
characteristics are sealed between two substrates, 

at least one of two substrates being transparent, 
and, in which the particles, to which an electrostatic 
field produced by a pair of electrodes provided on 30 
one or both substrates is applied, are made to fly 
and move so as to display an image, 

characterized in that a sub-frame having a 
length smallerthan that of one frame is formed, and 
a halftone image is displayed by a display pattern 35 
formed by at least one sub-frame. 

15. The image display device according to claim 14, 
wherein the sub-frames have a different length with 
each other. 40 

16. The image display device according to claim 15, 
wherein respective lengths of plural sub-frames is 
a length obtained by multiplying a unit length and a 
two's power. 45 

17. The image display device according to claim 15, 
wherein respective lengths of plural sub-frames is 
determined on the basis of y correction coefficient 
due to a visual sensitivity. 50 

18. The image display device according to one of claim 
14-17, wherein one pixel is segmentalized to a plu- 
rality of sub-pixels, and a halftone image is dis- 
played by a display pattern formed by at least one 55 
of plural sub-pixels. 

19. An image display device which comprises an image 



display panel, in which two or more groups of par- 
ticles having different colors and different charge 
characteristics are sealed between two substrates, 
at least one of two substrates being transparent, 
and, in which the particles, to which an electrostatic 
field produced by a pair of electrodes provided on 
one or both substrates is applied, are made to fly 
and move so as to display an image, 

characterized in that at least one of voltage 
value, waveform, applying time and applying 
number of the voltage applied between the elec- 
trodes is adjusted in response to a gray level of re- 
spective pixels forming the image to be displayed, 
in such a mannerthat an integral value of afly/move 
current generating at a fly/move motion of particles 
becomes a predetermined target value. 

20. The image display device according to claim 19, 
wherein the image display device comprises a fly/ 
move current deleting portion for deleting the fly/ 
move current, an integrator for integrating the fly/ 
move current, and a comparator for comparing the 
integral value of the fly/move current and a gray lev- 
el indicating voltage corresponding to the gray level . 

21. The image display device according to claim 20, 
wherein a deviation between the integral value of 
the fly/move current and the gray level indicating 
voltage corresponding to the gray level is corrected 
by feeding-back an output of the comparator to an 
output voltage generating portion of a particle drive 
controlling circuit. 

22. The image display device according to one of 
claims 1 9-21 , wherein a first current waveform gen- 
erating when a voltage less than a threshold voltage 
where the particles are made to fly and move is ap- 
plied and a second current waveform generating 
when a voltage larger than the threshold voltage is 
applied are observed, and the second current 
waveform is corrected on the basis of the first cur- 
rent waveform. 

23. The image display device according to one of 
claims 1-22, wherein an average particle diameter 
of the particles is 0.1 to 50 u,m. 

24. The image display device according to one of 
claims 1-23, wherein a surface charge density of the 
particles measured by a carrier and in accordance 
with a blow-off method is not less than 5 |i.C/m 2 and 
not greater than 150 u,C/m 2 in an absolute value. 

25. The image display device according to one of 
claims 1-24, wherein the particles are particles in 
which the maximum surface potential, in the case 
that the surface of particles is charged by a gener- 
ation of Corona discharge caused by applying a 
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voltage of 8 KV to a Corona discharge device de- 
ployed at a distance of 1 mm from the surface, is 
300 V or greater at 0.3 second after the discharge. 

26. The image display device according to one of 5 
claims 1-25, wherein a color of the particles is a 
white or a black. 

27. The image display device according to one of 
claims 1 -26 s wherein the image display panel com- 10 
prises one or more image display elements formed 

by separating respective paired electrodes of the 
matrix electrodes with each other by means of a 
partition wall. 
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FIG. 8a 





















I 
















I 




















I 
















I 




















I 
















I 




















I 
















f 





















□ 



Pixel to which vol tages 
with inverse phase are 
applied at display electrode 
and opposed electrode 



Vd,-Vs 
Vs 



FIG. 8b 

Vd 2 -Vs 

































i 




















I 
















i 




















I 
















i 




















I 
















i 





















Vd, 0 Vd 2 0 



BNSDOCID: <EP 1484635A1_I_> 



26 



EP 1 484 635 A1 



FIG. 9 



Reset voltage 
applying period 

.M. Frame 



\ 


Image forming 
voltage 


■ Image forming 
vol tage 


r 


"3 


r 

Image forming 
vol tage 




i \ 


/ V 





BNSDOCID: <EP 1484635A1_L> 



27 



EP1 484 635 A1 



FIG. 10a 
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